GNE myopathy is a rare disease, and there are no case reports of treatment for GNE myopathy with comorbid head and neck cancer. In the case presented here, we performed reconstruction using a free flap for patient with tongue cancer and comorbid GNE myopathy. Preservation of normal trunk and upper limb function via flap transplantation from a paralytic lower limb is a reasonable proposition. Several cases of harvesting flaps from polio infection-related paralytic limbs have been reported, and we observed similar findings to those reports in our case. With careful attention to the fibrosis of the connective tissue, harvesting flaps from paralytic limbs is a viable option and can be used safely.
Introduction
GNE myopathy (GNEM) is a rare disease, and there is no report in the literature of treatment for GNEM and comorbid tongue cancer. The harvesting of flaps from paralytic limbs to preserve the normal function is a reasonable proposition, but the safety and difficulty of harvesting such flaps are unknown. We report our experience of tongue reconstruction using an anterolateral thigh (ALT) free flap for a patient with GNEM.
Case Report
The patient was a 55-year-old female. She became aware of lower leg muscle weakness at the age of 26 and first visited a medical institution at the age of 29. The patient was diagnosed with GNEM based on myogenic changes in electromyogram, atrophy of the anterior leg muscle on computed tomography (CT) images, and family history (her elder brother had been diagnosed with GNEM). The patient rejected undergoing a muscle biopsy, but genetic testing at age 47 revealed a homozygous mutation, c.1714G>C (p.V572L), in the GNE gene. She was unable to walk on her first visit to our department and used an electric wheelchair; however, she was able to hold her trunk upright. A tumor of 3 cm in size was found on the left side of the tongue, which tissue biopsy revealed to be squamous cell carcinoma. Partial glossectomy and tongue reconstruction were planned.
About half of the tongue, on the left side, was resected including two thirds of the body and the base of the tongue, but with the apex remaining ( Fig. 1 ). An ALT flap was selected for reconstruction. Before surgery, echo and pencil doppler were used to confirm perforator vessels, and flap harvest was started. When the fascia was dissected, it was observed that the muscles were fatty degenerated and had yellowed (Fig. 2) . The connective tissue between the muscles was found to be fibrotic and it was difficult to separate. However, bleeding from the muscle was small and visibility of the perforator vessels was good, so the harvesting technique was not difficult. There was no atrophy of subcutaneous fat, and the flap was no less bulky due to the myopathy. The flap was harvested with the descending branch of the lateral femoral circumflex artery and the accompanying vein as pedicle.
There was no clear narrowing of perforator vessels and vascular pedicle (Fig. 3 ). The vessel wall was not easily peeled off. The vessels did not have the hardness suggestive of arteriosclerosis. The artery was anastomosed end-to-end between the facial artery (outer diameter 2 mm) and the flap artery There was no trouble with vascular anastomosis, and the flap was entirely engrafted without any necrosis. The postoperative course was uneventful ( Fig.4 ).
Discussion
GNEM is an autosomal, recessive, inherited disease caused by mutations in the GNE gene. Historically, it has been called distal myopathy with rimmed vacuoles (DMRV), QSM (quadriceps sparing myopathy), and HIBM (hereditary inclusion body myopathy), but all describe the same disease. Symptoms most frequently appear when the patient is in their 30s and typical clinical presentation begins with distal muscle leg weakness. Most patients begin to rely on wheelchairs for mobility about 12 years after the onset of symptoms. To date, there is no approved treatment for GNEM, so current patient management is focused on improving quality of life. On the other hand, respiratory muscles are less likely to be obstructed, and life prognosis is good. After the responsible gene was identified, the number of reports on GNEM has increased. GNEM has an estimated worldwide prevalence of 1/1 million [1] [2] [3] . In the future, it is likely that the number of reports of malignant tumors in patients who have GNEM may also increase.
For tongue reconstruction, a number of flaps including ALT flap [4] , radial forearm flap [4] , and rectus abdominis Fig. 1 About half of the tongue was resected Fig. 2 The muscles were fatty degenerated and had yellowed. The perforator vessels can be seen through the yellow muscle tissue flap [5] are generally selected. As in the case presented here, it is reasonable to select the flap from a paralytic lower limb in order to preserve remaining trunk retention function and upper limb function. Prior to surgery, there was anxiety about the state of the blood flow and vessel diameter of the flap, and also the difficulty of the procedure. However, there have been no reports of flap harvesting from paralytic limb combined with muscular disease including GNEM. Therefore, we referred to reports of flap harvesting from neurogenic paralysis limb resulting from polio for which there have been 5 papers reported since 2006. These reports included 5 anterolateral thigh flaps and 4 posterior tibial artery (PTA) flaps [6] [7] [8] [9] [10] .
Regarding the diameter of the vascular pedicle and cutaneous perforators, although specific descriptions are lacking, the reports fall into 2 categories, those that report normal diameters and those that report narrow diameters. PTA flap cases Fig. 3 The harvesting technique was not difficult. There was no clear narrowing of perforator vessels or vascular pedicle tended to be narrower in both the vascular pedicle and cutaneous perforators. Regardless of the diameter, all 9 flaps were engrafted without any complications. Changchien et al. consider that harvesting flaps from a paralytic limb is possible because the blood flow to the skin is maintained even in the presence of muscle atrophy [10] . There was no clear narrowing in our case. We speculate that differences in vascular status may differ depending on the degree of paralysis.
Regarding preoperative examination, Valentini et al. stated that vascular Doppler (pencil Doppler probe) alone is enough and no special examination is required [8] . In our facility, pencil Doppler and echo are routine examinations; in this case, echo was used as a preoperative test in addition to Doppler. However, CT and MRI were not performed.
Of the reports in our review, opinions were divided as to the difficulty of the surgical technique. Some report that it is easier than normal; the reason being that the vessels can be seen through the yellow muscle body and that bleeding is reduced is due to decreased blood flow to the atrophied muscle. Others, however, report that dissection was difficult because of intermuscular areolar tissue fibrosis. Fibrosis occurs with paralysis because muscle lubricity becomes unnecessary. In our case, the visibility of the cutaneous perforators was also very good, and as fibrosis of the muscle tissue was also present in this case, we dissected the cutaneous perforators included in the connective tissue without being exposed.
In our case, the flap was entirely engrafted without any complications. We could avoid rectus abdominal resection by selecting a rectus abdominal flap, which contributed to the preservation of the patient's trunk retention. In addition, by avoiding the use of a forearm flap, the remaining function of the upper limb was preserved and no skin graft to the exposed donor site was necessary, which is also a disadvantage of the forearm flap. There is no additional functional loss due to harvesting ALT flap, and the donor scar is clear and inconspicuous. Our experience is in line with previous reports of the use of ALT in patients with polio and we were able to achieve the same favorable results. We suggest that, in general, paralyzed limbs are a suitable site for flap harvesting.
GNEM is a rare disease, but the findings of this report are pertinent for other diseases involving paralytic limbs, and thus relevant for the treatment for similar cases.
Conclusions
Several cases of harvesting flaps from paralytic limbs after polio infection have been reported. In the case presented here, similar findings to those reports were observed during our successful harvesting (and grafting) of a free flap from the paralyzed limb of a patient with GNEM. If we pay attention to the fibrosis of the connective tissue, flaps harvested from paralytic limbs can safely be used and should be considered a viable option.
